M CROCI RCUI T COOLI NG FOR VANES BACKGROUND OF THE I NVENTION (1) Field of
the I nvention [0001] The present invention relates to a cooling mcrocircuit
that addresses high thermal | oads on the airfoil suction side in turbine
engi ne conponents, such as turbine vanes. (2) Prior Art [0002] Turbine
engi ne conmponents such, as turbine vanes, are operated in high tenperature
environnents. To avoid structural defects in the conponents resulting from
their exposure to high tenperatures, it is necessary to provide cooling
circuits within the conponerosIrRTULDI 0@ONVRNESFOR YaNHd cul ar are subj ect ed
to. high thermal |oads on the suction side of the airfoil portion. [0003]
In addition to thermal | oad problens, cooling filmexit holes on such

conponents are frequently piusaathid ¢entam RRYERTTopUCh pl uggi ng can cause
a severe reduction in cooling effectiveness since the flow of cooling fluid

over the (@t Eiedd oBukhacEnvdntim suction side is reduced. SUMVARY OF THE

| NVENTI 4] rda ht ent invent.ion, .a_coolin
nicrociE?SP?QSSt%?%&?%%%n%h?gﬁeﬁ%gggsgg%g%géHﬂ%H%fﬁﬁQJfE% §onct ﬁggguction
si de of tthetakdfioebsparhign dietnulbilnadengnneéhecaipdoebt sucphsi i €idariy

t ur bi ne %angs, and which keeps the | ast row of cooling hol es ahead of the
gage or tHrEaPepol At anT PO TasB ™t RE pErPOPRaNEB®Sf the cool i ng
mcrocircuit. [0005] In accordance with the present invention, a cooling
mcrocircuit is provided which prevents slot exit plugging. [0006] In
accor dandé)wWPFROEhBIbresent invention, a turbine

[0002] Turbine engine components such, as turbine wvanes, are
operated in high temperature environments. To avoid structural
defects in the components resulting from their exposure to high
temperatures, it is necessary to provide cooling circuits within
the components. Turbine vanes in particular are subjected to
high thermal loads on the suction side of the airfoil portion.
[0003] In addition to thermal load problems, cooling film exit
holes on such components are frequently plugged by contaminants.
Such plugging can cause a severe reduction in cooling
effectiveness since the flow of cooling fluid over the exterior

surface of the suction side is reduced.

SUMMARY OF THE INVENTION
[0004] In accordance with the present invention, a cooling
microcircuit is provided which addresses high thermal loads on
the suction side of the airfoil portion of turbine engine
components, particularly turbine vanes, and which keeps the last
row of cooling holes ahead of the gage or throat point which
increases the performance of the cooling microcircuit.
[0005] In accordance with the present invention, a cooling
microcircuit is provided which prevents slot exit plugging.
[0006] In accordance with the present invention, a turbine

engine component having an airfoil portion with a suction side
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engi ne conponent having an airfoil portion with a suction side 1 is

provi ded. The turbine engi ne conponent broadly conprises a cooling
mcrocircuit enmbedded within a wall structure forming the suction side. The
cooling mcrocircuit has at |least one cooling filmhole positioned ahead of
a gage point for creating a flow of cooling fluid over an exterior surface
of the suction side which travels past the gage point. [0007] In accordance
with the present invention, a refractory netal sheet for use in creating a
cool i ng miscpooiidedt vmérﬁmrbﬁn@wddgmmsamm@bnéotlbpoadlpnc@mpfd$eﬂtﬁne

engi ne cQ nent..The .refractaqr al, eet has.a first end_wall, a second
end wal |, nggﬁagtﬂbcg?ﬂéﬂ%T}% %ﬂﬁ%&%&%ﬂ@ & ény? IFgruﬁFuF%ag?rTﬁﬁgfrrst
curved tahebeattionastiestTik resdiioly andrereaceditraast he ségder y@dls and the

end walls, and at | east one second tab bent in a second direction and
spaced fCOMERE §idB DRlE sPAHEE tebiheagaOfs2 PAOBSPOLAt afebr eReRELM th t he

present in¢eBli 88, c8oMEANOE {05 ol HiN1Q.a kbl 08, e0gLNE COMPOLENL: ipvi ng

an airfoil portion broadly conprises the steps of providing a die in the
shape of sitdkewhichi heaeals reasbngonaage pwsettrng a refractory met al sheet
havi ng a i d wall,. a secon d wal and t nnecti ng
t he end *8PPZ? n|%§%ﬁ?@§ﬁ§efW%§g cﬁ?v%ﬁe?d%tbe'veq O%i1%|3§%53f?85¥|0n and
spaced flfn@l‘flf‘atLh@héEdefMﬁhhSeaﬂd dheataingdy anwalobsingnfliatoteastioneisecond tab
bent in a second direction and:spaced fromthe side walls and the end walls

into the%dite, © |ﬁge?%Fﬁﬁl%Ip?%ﬁﬁﬂndﬁ%5b6ﬁéblﬁetﬁ@gapé EOMPRRFR Gt Th&ast one
central Q%E%a%k@ﬂ?nﬁetéioyhé@krﬂ%é‘%1ﬂ??é% et @atihe di 8e8Pfd end wall,

and two sidewalls connecting the end walls, at least one first
curved tab bent in a first direction and spaced from the side
walls and the end walls, and at least one second tab bent in a
second direction and spaced from the side walls and the end
walls.

[0008] In accordance wifh the present invention, a method for
forming a turbine enginé component having an airfoil portion
broadly comprises the steps of providing a die in the shape of
the turbine engine component, inserting a refractory metal sheet
having a first end wall, a second end wall, and two sidewalls
connecting the end walls, at least one first curved tab bent in
a first direction and spaced from the side walls and the end
walls, and at least one second tab bent in a second direction
and spaced from the side walls and the end walls into the die,
inserting at least one core in the die to form at least one
central core element, flowing molten metal into the die and
allowing the molten metal to solidify so as to form the turbine
engine component and so as to form a cooling microcircuit in a
wall of the turbine engine component, which cooling microcircuit
has at least one cooling fluid inlet and at least one cooling
fluid exit hole, and removing the refractory metal sheet and the

at least one core.



allowing the nolten nmetal to solidify so as to formthe turbine engine _
conponent and so as to forma cooling mcrocircuit ina wall of the turbine
‘engi ne conponent, which cooling mcrocircuit has at |east one cooling fluid
inlet and at | east one cooling fluid exit hole, and renpbving the refractory
nmetal sheet and the at |east onhe core. 2 [0009] other details of the
mcrocircuit cooling for vanes of the present invention, as well as other
objects and advantages attendant thereto, are set forth in the foll ow ng
det ai | ed [08088¢tr iQithiean dand iflke cdc thapahyrogi dravi ngs hilmgr dior viekesr efer ence
nunmer al s _depict _like. el ements. BRI EFE .DESCRIL PTI OF THE DRAW N 0010] FI G,
1 illust theegr%ﬁerégr %Y?ntplo?r%’l oanS &elal £r itﬁgrg(r\%lapﬁgtsc%%o %ﬁqﬁh Sng] a

cool i ng mEiceendhntuthe eabeddec: Wdthiforahwdahl thenfalsoeihgndstgelred t he

airfoil portion; ,%0011 FIG 2 is a schemati¢ representation of a first
enbodi meAESGFIRE LTI FAY M racG P RATY- P06 T2 1 RPE WBeT P1 st 4% eke ER R Teact or y

net al sheghephl Shaspyc-beripsed & ftarm the cooling mcrocircuit of FIG 2;
[0013] FIG 4 is a schematic representation of a portion of a die for

formng a cooling mcrocircuit in the turbine engine conponent; [0014] FIG

51is a schematic repr es% q%?%ﬁlapﬁ%%o%% Tﬁgb??éﬂﬁﬁésm a cooling

mcrocircuit; and [0015] ustrates are ory netal sheet which
may be U96d010 HIgr.mlt Hé lesalrengsnmaar attr fell tpaftGof5.a DEFALREDengine
DESCRIPTE%ﬁpgﬁerEh§§55§35%9x>M%EP%ME%E&?&cuit embedded within a wall
on a suction side of the airfoil portion;
[0011] FIG. 2 is a schematic representation of a first
embodiment of a cooling microcircuit;
[0012] FIG. 3 illustrates a refractory metal sheet which may be
used to form the cooling microcircuit of FIG. 2;
[0013] FIG. 4 is a schematic representation of a portion of a
die for forming a cooling microcircuit in the turbine engine
component;
[0014] FIG. 5 is a schematic representation of a second
embodiment of a cooling microcircuit; and
[0015] FIG. 6 illustrates a refractory metal sheet which may be

used to form the cooling microcircuit of FIG. 5.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)
[0016] The present invention relates to an internal cooling
microcircuit positioned within the airfoil portion of a turbine
engine component such as a turbine vane.
[0017] FIG. 1 illustrates an airfoil portion 10 of a turbine
engine component 12 such as a turbine vane. The airfoil portion
10 has a suction side 14 and a pressure side 16. The airfoil
portion 10 also may have one or more core elements 20 and 20’
through which cooling fluid may flow. Each core element 20 and

20’ may communicate with a source (not shown) of a cooling fluid
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[ 0016] The present invention relates to an internal cooling mcrocircuit
positioned within the airfoil portion of a turbine engine conponent such as

a turbine vane. [0017] FIG 1 illustrates an airfoil portion 10 of a turbine
engi ne conponent 12 such as a turbine vane. The airfoil portion 10 has a
suction side 14 and a pressure side 16. The airfoil portion 10 al so may

have one or nore core elenments 20 and 20' through which cooling fluid may
flow. Each core elenent 20 and 20" may comrunicate with a source (not
shown) ofsughceel engih¢ ubbedd saich. ddheerginfeibl pedtapbn. 1Theaai afbeddipoyti on 10
has a Ieaging edgg 22_and. a trqﬁlig% edge 24. [0018] The airfoil portion 10
may have © gﬁu%%e? fapgg%%bﬁﬁ%y% 9% ‘cool ing various portions of its

exterior [9onBacerhd-erir fexanpberibhelai hipihaword iambkd oy avagengyer nore
| eadi ng _edge cooling passageways 26 and 28 which are in fluid
comuni c&CFoRCRL LRIt RRT 02 ROEHEMS AF 1tPhex&rrier| Speferen 49 may al so

have a C%Qlahﬁgepaw%ﬁégEY‘@f’Qf’P Bt LRSI NhaGORLLRIEEULY nbPeflovyoyer a
portion of the pressure side 16. [0019] A’cooling mcrocircuit 32 1s

provi ded edigehicaol heg neeasageied ¥s 346 fadhi2fg whiiehsacei on §ldéd14 to

convecti v I bine engi ne conponent . The_cooling mcraocircuit
34 has oﬁgh%gﬁgggFéggo%%?%gt? d%p efienﬁgﬁeg%36 %gF 8555?%8 %QCOHW?ﬁgffluid
filmto fhlagwadeer hthe exteslig spadaaewely Bloe feucthopisgdeodBing AsLisibwn in
FIG 1, each_fluid exit hole 36 |s ahead of the,gage or throat point 38. :
The cool it tAPYr BEEF caii POBR MoVl el e RIETFS T ShEyBRd1Phe gage or throat point

38. [002GlooRReferd idybineW ©l cEbeiréuithep e spshemd Re fHiow Rl fekA 1
wall 34 forming the suction side 14 to convectively cool the
turbine engine component 10. The cooling microcircuit 34 has one
or more cooling fluid exit holes 36 for causing a cooling fluid
film to flow over the exterior surface of the suction side 14.
As shown in FIG. 1, each fluid exit hole 36 is ahead of the gage
or throat point 38. The cooling microcircuit 32 however extends
beyond the gage or throat point 38.

[0020] Referring now to FIG. 2, there is shown the flow pattern
of a first embodiment of the cooling microcircuit 32. As can be
seen from this figure, the cooling microcircuit has one or more
fluid inlets 40 which communicate with the cooling fluid flowing
through the core element 20. Each of the fluid inlets 40 is
curved so as to accelerate the cooling fluid as it enters the
cooling microcircuit 32. The cooling microcircuit 32 has a
relatively long, transversely extending passageway 42 to
maintain the relatively high velocity of the cooling fluid flow
for as long as possible. Preferably, the passageway 42 extends a
distance which is from 10 to 40% of the chord of the airfoil
portion.

[0021] Along the length of the passageway 42, a number of
internal features 44, such as rounded pedestals, may be provided

to increase the cooling efficiency of the microcircuit 32 and to
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of a first enbodinment of the cooling mcrocircuit 32. As can be seen from
this figure, the cooling mcrocircuit has one or nore fluid inlets 40 which
«comuni cate with the cooling fluid flowing through the core el enent 20.

Each of the fluid inlets 40 is curved so as to accelerate the cooling fluid
as it enters the cooling mcrocircuit 32. The cooling mcrocircuit 32 has a
relatively long, transversely extendi ng passageway 42 to mintain the
relatively high velocity of the:cooling fluid flow for as |ong as possible.
Pr ef er ablpyoviiHe passagenato 4ZhextiendsiacuditsBadncEhehcohlisgf foumi d Of tav 40% of

the chord of .the, airfoil orfion.  [0021] .A.ong the |ength_of the passageway
42, a numbért8f tﬁﬁt%?%%?(géa{%rég?éﬁkéigi§hlgs rgﬁﬁagglgadEQY%f%fuﬁiy be
provi ded trhe 1ingr eage theotoehd ngiefdiicipprey oaf 10heari ar ecks€eubhd 32amnd to 4

provide strength to the mcrocircuit 32. The cooling fluid flow |eaving the
i nl et (s) *#0°F1 66 FPPELNY MACERT B Idn Fowdh§ FRelifpafiirhg EHe D3t of the

airfoil Q%&h%@na%gunélaﬁdffiéﬁseﬂge¥@h&ed§q§ﬂiFbagrﬁoghgngegafﬁgcéééént 32,

the cooling fluid flowis turned around an ows in a direction toward the
| eadi ng €dgef 2Reotirheidipdoviioporti d BOreAsls pésthe dhrhhettthe at the

first end.wall 48, oling fluid flow.l oses ment um 022] Wen the
cool i ng %ﬁﬁﬁ& Fpgmyéggcﬁgé t%% %%%%Hl éﬂﬂ”ﬁ%?ﬁow4 Ongtﬁgm%%g?Thg
m croci r qioR232,WHdn itheagaiol itgr fedigsof dswt pbeadhesy thy aggdvrichenan&aal nore

cooling filmexit holes 36 onto'the  external surface of the suction side 14
of the ai%ff Gfl tp6r £P8 1ng oML RO HET L § s?’?g |d1tur1_é| PEGL18f THENBE 88,3 he® hol es
36 may be1r tareadhi BhONEnON o FOEEr d WD gdeSiedxit holes 36 onto the

external surface of the suction side 14 of the airfoil portion
10. If there is a plurality of holes 36, the holes 36 may be
arranged in one or more rows 1if desired.

[0023] The cooling microcircuit 32 has transverse boundary walls
33 and 35 that connect the end walls 46 and 48. The inlet(s) 40
and the exit hole(s) 36 are centrally located and spaced from
the boundary walls 33 and 35.

[0024] One or more refresher re-supply holes 50 may be provided
at the second end wall 48 so as to introduce fresh cooling fluid
into the microcircuit 32 and to cause the cooling fluid flow to
accelerate as the fluid flows through the exit hole(s) 36. With
this increase in momentum, the cooling flow exiting through the
hole(s) 36 is able to repel any contaminants from the external
fluid flowing around the airfoil portion 10 and thereby avoid
plugging of the exit hole(s) 36. Each of the refresher re-supply
holes 50 may communicate with a source of cooling fluid (not
shown) via the core element 20’.

[0025] The refreshed flow of cooling fluid then exits through
the cooling film exit hole(s) 36 onto the exterior surface of
the suction side 14. As can be seen from FIG. 1, the exit
hole(s) 36 are positioned so that the last row of exit hole(s)

36 is ahead of the gage or throat point 38. In order to provide
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[0023] The cooling microcircuit 32 has transverse boundary walls 33 and 35
t hat: connect the end walls 46 and 48. The inlet(s) 40 and the exit hol e(s)
.36 are centrally located and spaced from the boundary walls 33 and 35.

[ 0024] One or nore refresher re-supply holes 50 nay be provided at the
second end wall 48 so as to introduce fresh cooling fluid into the
mcrocircuit 32 and to cause the cooling fluid flowto accelerate as the
fluid flows through the exit hole(s) 36. Wth this increase in nomentum

the cool angokkowrextting tdsough diey Jwlrets)r 3Gtksiabl sutpatepef @y
contam nants fromthe external fluid flowing around the airfoil portion 10

and t her 88¢tagBi 819p1 bhgF AgBIT AR XM IRICEESR 36heEABRT OROERES) 1% esher
re-suppl y rchgleg ggamwCW'&%&iechWrte@,F%g%mﬂ%C@hgfe 8gg§£i99 Lhppd.{ not

shown) via the core elenent” 20" . [0025] refres ow of cooling fluid
t hen exi tPgeffhrobgh, the zowlé ny I3 lin edia rhobe( X BBownib the3@xterior

surface %f Lhe suction side 14. As can be seen fromFIG 1, the exit
hol e('s) §9%re positioned so that the last row of exit hole(s) 36 is ahead

of the ggg®e26] tMroataqroithtat38hel Hlowdeend® Pt avidgle = ddmre ief f ecti ve
cooling flow over the exterior surface of the suction side 14 to inprove
film cov@PigeCutRELEXITP PO s) o6 state oRRTY SREPPBFFAAGFRCH aF t HiFRIdect to

the exterigessysf aceproPI@ierablysi dihe andleqarls Byt Bereapgerof from1s to
30 degrees. [0026] %he fact that the flow bendS at high velocity is

par ti cul &doyipapoFhantodbing it ¢ arrycwdidngenedt $hsupheasnt uibv et iovmnes as
It prOVI%%% Qﬁ@eiég£a£o§e89ngffy Jéf@%sﬂf%%P%%eggrof the gage or throat

point 38 while it cools an area of the airfoil portion 10 after
or beyond the gage or throat point 38, all without any impact on
aerodynamic performance.

[0027] Referring now to FIG. 3, there is shown a refractory
metal core sheet 100 that may be used to form the cooling
microcircuit 32. The refractory metal core sheet 100 may be
formed from any suitable refractory material known in the art.
In a preferred embodiment, the refractory metal core sheet 100
is formed from a material selected from the group consisting of
molybdenum or a molybdenum based alloy. As used herein, the term
“molybdenum based alloy” refers to an alloy containing more than
50 wt% molybdenum.

[0028] The refractory metal core sheet 100 may be shaped to
conform with the profile of the airfoil portion 10. The
refractory metal core sheet 100 has a first end wall 106 and a
second end wall 110. A pair of side walls 107 and 109 connect
the two end walls 106 and 110. The refractory metal core sheet
100 is provided with one or more outwardly angled, bent tabs 102
extending in a first direction which eventually form the film
cooling exit hole(s) 36 and one or more inwardly directed, bent
tabs 104 which extend in a second direction and form the

inlet(s) 40 for the cooling microcircuit 32. The tabs 102 and
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cooling. The cooling mcrocircuit 32 of the present invention has the |ast
row .0f exit hole(s) 36 ahead of the gage or throat point 38 while it cools
an area of the airfoil portion 10 after or beyond the gage or throat point
38, all without any inpact on aerodynam c perfornmance. [0027] Referring now
to FIG 3, there is shown a refractory netal core sheet 100 that may be
used to formthe cooling mcrocircuit 32. The refractory netal core sheet
100 may be fornmed fromany suitable refractory material known in the art.

I n a prefigyar edeesbedi BBAtralle 1eddE8d ama ra&tealsp@%a smamt th80sids formed
froma material selected fromthe group con5|st|n% ybdenum or a
nol ybdentild&s éd 7aPrey 1 0Asand et et e ltlife 106 @n "%prbéénénPbag%Hr%ﬁloy"

refers tQapahkay, cgﬂgawhn& rrpdsze wﬁa&e STOAY %on@qconge@%aw%& The

refractory metal core sheet 100 .may be shape ormwth the profile

of the aigdndillgupettponand. fFhe ar%hak&nww%nqhanm wgthe tskept an®Oohasha fir st
end wal | nd en alr of s l.s.107 and 109
connect %@afﬁ8r¥n8emﬁ | 8 g and’ 1.%Pllﬁ{lyfefp cf 3Sﬁgﬁgﬁ &3 8'Sheet 100
i's provi ciﬁcéf\&rtablgneu@freaose oyt var £ ym awgilﬁdzedbamuetabs 102 extending in a
first direction which eventualgééforn1the film cooling exit hole(s) 36 and

one or nmor9Z%wathe vE i Ste @€l Wadnt 06t 45EME olhenf ERs ex@hd! § rPfa écond

di recti onnd nfonItBe: rbRl et §5) ﬂ%éﬁﬁe&ﬁecec%lel R §0ACLRQUEE e 32; r
tabs 102 and 6 104 are each centrally | ocated and are spaced fromthe side

wal | s 10Zrahd'ald9 l8fdarheaentunal 15y 1@’6 Iemldasl_ﬂ.m lex tangiefechedugkenbodi nent ,
the tab(%%neé%zlb%{a&%engfganibgl 1ma If%rm the internal features

44 within the cooling microcircuit 32. The holes 108 may be
arranged in one or more rows. The second end wall 110 forms the
second end 48 of the cooling microcircuit 32. A plurality of
additional holes 108 may be located between the second end wall
110 and the tabs 102. The additional holes 108 also form a
plurality of internal features 44. The additional holes 108 may
be arranged in one or more rows.

[0030] The end wall 110 of the refractory metal core sheet 100
may be provided with one or more curved bent tabs 112 which may
be used to form the re-supply holes 50 for the fresh coolant
supply which is used to accelerate the flow of fluid exiting
through the cooling film exit hole(s) 36.

[0031] Referring now to FIG. 4, to form the cooling microcircuit
32, the refractory metal core sheet 100 is placed within a die
120 preferably having two halves 120’ and 120”. The sheet 100 is
placed within the die 120 so that the cooling film exit hole(s)
36 will be located in front of the gage or throat point 38 on
the suction side 14 of the airfoil portion 10. Silica or
aluminum cores 122 may be used to form the core elements 20 and
20’ . The cores 122 are also positioned within the die 120. After
the refractory metal core sheet 100 and the cores 122 have been

placed in the die 120, molten metal is introduced into the die
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configuration and forma shallow angle a with the plane of the refractory
metal sheet 100. Simlarly, the tab(s) 104 is/are preferably curved so as
to forma curved inlet 40. [0029] The first end wall 106 fornms the first end
46 of the <cooling mcrocircuit 32. Internediate the tabs 104 and the first
end wall 106 are a plurality of holes 108 extending through the sheet 100.
The holes 108 ultimately formthe internal features 44 within the cooling
mcrocircuit 32. The holes 108 may be arranged in one or nore rows. The

second engovwahl a430sf 0F /514 heansecantdhend 48 nef sthe 00l h9gc B CROCiT cUit 32.
A plurality of additional holes 108 may be | ocated between the second end

wal | 110rghdcPhéingbssabRdifirs sl tioms thel @g§l1e804| sbefotnfailplurality
of internpal. .features.44 i ti e 0 in one or
or e one ot oBBor O haEred ne G A A% Rt RnlmY e cPECROLGIAEEL T 0TS
may be provedeteatt hOOnerer remsecd,uriegd dadnity thbsitd21whi chingyanpe used to
formthe re-s I hol es 50 for :the fresh cool ant suppl ich is used to
nccel er acLERETR BARGTST ) REPEYTHT o EhrsugRet A& ool PRRY LI P Bl t hol e(9)
36. [003MerRatepkiyngenawW t6r&l Shiedks 10D NRERAheheoebbNen gl ff 86bECHEGL L 32,
the refractory netal core sheet 100 is placed within a die 120 preferably

havi ng twe Wilthés the' wahd 12oformeg stheetsur(dons sigeadbddofhi ERen2iheoHi e 120
so t hat e+Gapl hpg filmexit hole(s) 36 will be located in front of the
gage or throat point 38 on the:suction side 14 of the airfoil portion 10.
Silica or[00&8R2Jn FRefmmodmes nba? toay Ibe Gsethéne f 05 shdven cor ea leleementtise20 and

20'. Th 12 | i tjoned within the die 120, After  th
of r act oY RERBF EorE SHEST! 106 "B e (ohies 105 RavEHeBR 1ocd in the

turbine engine component 12. The cooling microcircuit 32’ may
have one or more inlets 40’ through which cooling fluid enters
the microcircuit 32’. The flow is introduced into a transversely
extending fluid passageway 42’ . As can be seen from the figure,
the fluid passageway has a plurality of internal features 44’
such as rounded pedestals arranged in rows. The microcircuit 32’
has a first end wall 46’ which causes the flow of cooling fluid
to turn from flow in a first direction to flow in a second
direction opposed to the first direction. A plurality of
substantially L-shaped bodies 60’ may be provided in the cooling
microcircuit 32’ to form return passageways 62’ . The cooling
microcircuit 32’ has a second end wall 48’ which causes the
cooling fluid flow to turn towards the exit hole(s) 36’.
Additional internal features 44’ may be provided between the
second end 48’ and the cooling fluid exit hole(s) 36'.

[0033] Referring now to FIG. 6, there is shown a refractory
metal core sheet 200 which may be used to form the cooling
microcircuit 32’ . The refractory metal core sheet 200 has a
first end 202, a second end 204, and side walls 206 and 208
connecting the first and second ends 202 and 204. One or more
curved bent tabs 203 are provided which form the inlet

passageways 40’. The tab(s) 203 is/are centrally located in the
8



placed in the die 120, nolten netal is introduced into the die 7 120 in any
sui t.abl e manner known in the art. The nolten netal, upon cooling,
solidifies and forms the walls of the airfoil portion 10. Thereafter the
cores 122 -and-the refractory netal core sheet 100 are renoved, typically
chem cally, using any suitable renoval technique known in the art. Renoval
of the refractory nmetal core sheet 100 | eaves the cooling mcrocircuit 32
within the wall 34 formng the suction side 14 of the airfoil portion 10.

[ 0032] Reheetiagdnametsp&%éﬁ fromrmhaadrﬁeSMGmnsaloalhednaosveThenbﬂﬁhﬂmnt of

a coolin circuit that_c e i.,n th ur bi ne en e conmponent
o The 208 FrRthh e Py 1 18 B e i Bror R gt BER L By SRS S oo
whi ch coohiongrt! Pir8veas@r snté R di LIOGHC Wab (32' 20Fhankl eMei 51k &t raduced
into a transversely extending fluid passageway 42'. As can be seen fromthe

figure, 20%e fhai aobaés%b%vmyﬂ%% FEANGeS i1y O8F PHt BPREI IPEat¥R@s2'  such

as round edes a r e g cr r first end
wal | 46'%%ﬁ9Cﬂgcggggs@¥% D?Fgrﬂ cootv%% fFleQBFOQEE%ﬁg% Eﬁ?in a

first dicecki sheed 2DOvhan a maEtoNE ahhsamntoaléppbsedapedtapeftmsﬁs
directio Iu ality of ub tantlally ped bodi 60" may be provided
in the c%&||H§ aF5ciredi E OTIR FHS S b % B g%?ﬁggaays 62' . The cool i ng
M croci r quioB432' THE ¥ r3ea01Yy ekdalatbrd8shadt cioCasehdheascerld bg fl uid

flowto turn towards the exit hole(s) 36 Addi tional internal features 44
may be pﬂGVedéHbBEPREéﬁlihell%%ﬁ%nEPQﬁu?LﬁTWh&ﬁH fREMcEBPI RYLEI P He & t

hol e(s) 3% .. IHA33LinBetersipg) now tos AHG LntkR8ng hecsheunig frEractory
and are spaced from the side walls 206»and 208. The tab(s) 214
extend outwardly in a second direction. A plurality of
additional holes 210 may be provided between the second end 204
and the tab(s) 214. The additional holes 210 are used to form
additional internal features 44’. The additional holes 210 may
be arranged in one or more rows.
[0035] As can be seen from FIG. 6, the refractory metal core
sheet 200 has a first ndtch 220 extending inwardly from the end
wall 202 and a second notch 222 extending inwardly from the end
wall 204. Still further, the refractory metal core sheet 200 may
have an internal notch 224. The notches 220, 222, and 224 are
used to form wall strucfures 70’, 72' and 74’ in the cooling
microcircuit 32'.
[0036] As before, the refractory metal core sheet 200 may be
formed from any suitable refractory metal known in the art.
Preferably, it is formed from a material selected from the group
consisting of molybdenuﬁ and a molybdenum based alloy.
[0037] The cooling microcircuits of the present invention
improve cooling efficiency and film effectiveness that leads to
increases in overall cooling effectiveness which are not
feasible with existing,’less advanced cooling schemes. The

cooling microcircuits of the present invention cool the airfoil

9



netal core sheet 200 which may be used to formthe cooling mcrocircuit
32'." The refractory netal core sheet 200 has a first end 202, a second end
204, and side walls 206 and 208 connecting the first and second ends 202
and 204. One or nore curved bent tabs 203 are provided which formthe inlet
passageways 40'. The tab(s) 203 .is/are centrally located in the 8 sheet and
are spaced fromthe side walls 206 and 208. The tab(s) 203 extend inwardly
inafirst direction. Aplurality of holes 210 are provided internedi ate
the tab(or2G3nabdybhe thestyagador 202rodfthedioltean?]lriemgnbecattanged in one
or nore rgws and are _used to formthe internal features 44'. The refractory
metal coe99HEEt 2206 Ra828phiFeof substantially L-shaped apertures 212
whi ch areroosaqd t'ond ArdB ey krisharedchedi 65 6Re. ptO3H bt efdractRr penet al
core sheet 200 further has one or nore substantially |inear tabs 214 which
form t he U6 1Rolt8ErBIne38nNIiTheCrIRRRA ta(de2thans careinenvrarFy Fotat ed
inthe s nd.ar ced fLg €. Si I and 208. The tab(s) 214
ext end oE%ﬁ%Fﬁ%y ﬁ% gogggoﬁg %%?@L%?dﬁ%“’ 5¥§{§ﬁfﬁggdf addi ti onal holes 210
may be provi ded between the second end 204 and the tab(s) 214. The

addi tional holes 210 are used to form additional internal features 44'. The
additional holes 210 may be arranged in one or nore rows. [0035] As can be
seen fromFIG 6, the refractory metal core sheet 200 has a first notch 220.
extending inwardly fromthe end: wall 202 and a second notch 222 extending
innvardly fromthe end wall 204. Still further, the refractory netal core
sheet 200 may have an internal notch 224. The notches 220, 222, and 224 are

10



used to formwall structures 70', 72' and 74' in the cooling mcrocircuit
32'.[0036] As before, the refractory netal core sheet 200 nmay be forned
fromany suitable refractory netal known in the art. Preferably, it is
formed froma material selected fromthe group consisting of nolybdenum and
a nol ybdenum based al |l oy. [0037] The cooling mcrocircuits of the present
invention inprove cooling efficiency and filmeffectiveness that |eads to
increases in overall cooling effectiveness which are not feasible with

exi sti ng,whkzesst advaneewd geal i ng schenes. The cooling mcrocircuits of the
present invention cool the airfoil 9 portion beyond the gage or throat point
and prevent exit plugging at the sane tine. [0038] The cooling mcrocircuit

of the presenty /et iRy ifRY BRpoHsRE thih%fEﬁ“%f?EHﬂ¥3ﬁH¥H¥8ﬁe%ﬁ%h05her
than turbine vanes. For ~ exanple, it could be used in seals and bl ades. 10
WHAT | S GiwivED |sgdel. saiduchimpenengi aempohporent having an airfoil portion
wth a suction side, said conponent conprising: a cooling mcrocircuit
enbedded within a wall structure formng said suction side; said cooling

m crocircuit hawdylialg hdasbcareutaokinngddiéd mvidrolre Ppasiltl enedicalead of a
gage point for creating a flowof cooling fluid over an exterior surface of
sai d suct FOMEIHSa\thise iiravEidepast said gage point. 2. The turbine engine
conponent according to claim1, further

said cooling microcircuit having at least one cooling film
hole positioned ahead of a gage point for creating a flow of
cooling fluid over an exterior surface of said suction side

which travels past said gage point.

2. The turbine engine component according to claim 1, further

comprising at least one inlet for receiving cooling fluid from a
source of said cooling fluid, each said inlet being curved so as
to accelerate the cooling fluid as the cooling fluid enters the

cooling microcircuit.

3. The turbine engine component according to claim 2, further
comprising said microcircuit having a first transverse boundary
wall and a second transverse boundary wall, and said at least
one inlet being spaced from said first and second transverse

boundary walls.

4, The turbine engine component according to claim 3, further
comprising a plurality of fluid inlets being spaced from said

first and second transverse boundary walls.

5. The turbine engine component according to claim 2, further
comprising a first transversely extending fluid passageway for

directing fluid flow within said microcircuit in a direction

11



conprising at |east one inlet for receiving cooling fluid froma source of
said'cooling fluid, each said inlet being curved so as to accelerate the
cooling fluid as the cooling fluid enters the cooling mcrocircuit. 3. The
tur bi ne engi ne conponent according to claim?2, further conprising said
mcrocircuit having a first transverse boundary wall and a second
transverse boundary wall, and said at | east one inlet being spaced from
said first and second transverse boundary walls. 4. The turbine engine

conponent + LA NG 10 163 Bade bUrEhed aLPPPIi ot i)l wdlddiv akifl ui d
inlets being spaced fromsaid first and second transverse boundary walls.
5. The tufbifle Eigich®assngerent caEenfai pgyerd cFaMmIBIF mAlwdr tocBAPVILERNg a

first transyersel endigng Lhyid pagsagewayq foriq did g f luid flow
wi thin sgt:':% J?nlrg(‘foagllo??gjit i‘n"a Elﬁr ect ?onaglyi@r%/omarld%qja (fercgolrll rfl:g edge of said
airfoil portion, wherein said first fluid passageway extends beyond said

gage poing t rovide cool.ing along said suction side bheyqnd sai age
pornt "6 b i D s SRt s RER R e T M S Rl o e

conpri si ngorio i $himd} id PpiefrailAter ad&l iheathsesrawtdds Saithifl Wad d gassageway.
7. The turbine engi ne conponent according to claim®6, wherein each of said
i nternal PeAAIFEEXonprises a rounded pedestal. 8. The turbine engine
conponent according to claimb5, wherein said cooling fluid has a velocity

and said fluid passageway has a length sufficient to maintain the velocity
of the codlifee funhihe emgdse cograsepbsscbbedamyl Wherleiim gai dvheirerioci rcui t

each of said internal features comprises a rounded pedestal.

8. The turbine engine component according to claim 5, wherein
said cooling fluid has a velocity and said fluid passageway has
a length sufficient to maintain the velocity of the cooling
fluid for as long as possible and wherein said microcircuit
further has a first end wall and at least one second fluid
passageway for turning the flow of said cooling fluid and
causing said cooling fluid to flow towards a leading edge of

said airfoil portion.

9. The turbine engine component according to claim 8, wherein

said microcircuit has a plurality of second fluid passageways.

10. The turbine engine component according to claim 5, further
comprising a second end wall for turning the flow of said
cooling fluid so as to cause said cooling fluid to flow through

said at least one cooling film exit hole.

11. The turbine engine component according to claim 10, further
comprising said second end wall having a plurality of means for
refreshing the flow of said cooling fluid and thereby causing

said cooling fluid flow to accelerate as the cooling fluid flows

12



further has a first end wall and at | east one second fluid passageway for
turning the flow of said cooling fluid and causing said cooling fluid to
flow towards a | eading edge of said airfoil portion. 9. The turbine engine
component according to claim8, wherein said microcircuit has a plurality
of second fluid passageways. 10. The turbi ne engi ne conmponent according to
claim5, further conprising a second end wall for turning the flow of said
cooling fluid so as to cause said cooling fluid to flow through said at

| east one cooling filmexit hole. 11. The turbine engi ne component accordi ng
to cla|mthlouhmrshed acohpasslﬂgesam@lBupdhdﬂem$nﬁahblhaandgwaepéunaI|ty of
means for E? theegkgmeo$ SE%éL(%(ﬂfé} fl%}d ang th gélcau5|ng

sai d coollng f|UI ow 16 acce:e?a%e as the COO|Iﬁng|UP8p T2t ?hrough
sai d at |=dst serendoehdngalil anexsdidade ks twekeire-ssigbdyr abreshi ng neans
conprises at |east one re-supply hole in said second end wall and said at

| east onéxWHm§&§6F9nﬁoVéthcBnEﬂHFE%I??mf%ﬁ%%?%a@%%}Pce of cooling fluid. 12.
The turbine engi ne conponent according to claim11l, wherein said refreshing.
means conprises a plurality of re-supply holes conmunicating with said
source oflZcodlhiengufrbdng. engingheonpehene atrAnsE ndompordntimadder dhagein clai m

L further, . £QUtEsing anpLytal iy, of. copldng fil & Lnoles, Lof gausing

cooling f e exterior ace o suc

The turbmnmmmmgmaelognpmnbnsamﬂEsb@rmequkuuﬂmng gdiudd .t ur bi ne engi ne

conponent conprises a turbine vane.
13. The turbine engine component according to claim 1, further
comprising a plurality of cooling film exit holes for causing
cooling fluid to flow over the exterior surface of said suction

side.

14. The turbine engine component of claim 1, wherein said

turbine engine component comprises a turbine vane.

15. A refractory metal sheet for use in creating a cooling
microcircuit within a wall of an airfoil portion of a turbine
engine component, said refractory metal sheet having a first end
wall, a second end wall, and two sidewalls connecting said end
walls, at least one first curved tab bent in a first direction
and spaced from said side walls and said end walls, and at least
one second tab bent in a second direction and spaced from said

side walls and said end walls.

16. The refractory metal sheet according to claim 15, further
comprising a plurality of first tabs and a plurality of second
tabs and each of said first and second tabs being spaced from

said side walls and said end walls.
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15. Arefractory nmetal sheet for use in creating a cooling mcrocircuit
within a wall of an airfoil portion of a turbine engine conponent, said
refractory nmetal sheet having a first end wall, a second end wall, and two
sidewal I s connecting said end walls, at |east one first curved tab bent in
a first direction and spaced fromsaid side walls and said end walls, and
at |least one second tab bent in a second direction and spaced fromsaid
side walls and said end walls. 16. The refractory netal sheet according to

claim 151 7f urhBeref £9FPSFi ikt A ¥ ialroebibr 8b tahsmand, aypbaal ity of
second tabs and each of said first and second_tabs being spaced from said

si de wal PF§Chn8fsaptd erRCoRd | 5209 35 BUbPR@NtépLAEt diPeABtal sheet according
to claim 16, wherein each of said second tabs is substantially linear. 18.
The refractory netal sheet according to claim15, further conprising at

| east ond8thfhd tabrattachewctal sHiattsecomddénd bbp claid iofraectdrer sheet .

19. The refract t heet 8, _wher i h, sai d
hi rd € abOPEeRR YR 202 e Ve bry oL kP CRRet OREE 6 o RGoRD CIthith 18,

further seadapiresragtorpl siedtty of th|rd tabs attached to said second end
and each of said third tabs being spaced fromsaid side walls. 21. The
refractory nmetal sheet according to claim15, further conprising at | east

one row qf, h@h@5r§f£§@€|&f'§l hd¥ LU, 34 %cc%%%gaee Sghdnaigl easdrong row of
hol es being positioned between said first end wall and said at [east one

first taleach2sattiethefdataloris mtmiedsheet accordlng to claim21, further

20. The refractory metal sheet according to claim 18, further
comprising a plurality of third tabs attached to said second end

and each of said third tabs being spaced from said side walls.

21. The refractory metal sheet according to claim 15, further
comprising at least one row of holes extending through said
sheet and said at least one row of holes being positioned

between said first end wall and said at least one first tab.

22. The refractory metal sheet according to claim 21, further
comprising a plurality of rows of holes extending through said
sheet between said first end wall and said at least one first

tab.

23. The refractory metal sheet according to claim 21, further
comprising at least one L-shaped aperture extending through said
sheet and each said L—shaped aperture extending from a first
point substantially adjacent to said at least one second tab to

a second point spaced from said first end wall.

24. The refractory metal sheet according to claim 23, further
comprising a plurality of L-shaped apertures.
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conprising a plurality of rows of holes extending through said sheet
between said first end wall and said at |east one first tab. 23. The
‘refractory netal sheet according to claim?21l, further conprising at |east
one L-shaped aperture extending through said sheet and each said L-shaped
aperture extending froma first point substantially adjacent to said at

| east one second tab to a second point spaced fromsaid first end wall. 24.
The refractory netal sheet according to claim 23, further conprising a
plurality of L-shaped apertures. 14 25. The refractory netal sheet according
to claim15, further conprising at |east one row of holes positioned

bet ween Za&i-d Th§eé6ﬁéa%PFYaIﬁ%lt%gi thesde inFaraisag £26. cthémr ébr abusEyeret al

sheet aceQ) i@g-h gkaﬁg5g§, grf@gr ri si g+ rali f of
hol es posi%lgneé getmeen gai ¢ secoﬁﬁfwali%a%ggsagagégc§%5&¥g s?ggié The
refract osgometialvasdheendasend dsagonad tdkes.m 15, further conprising a notch
cut into each of said end wall s and another notch cut into a central

portion of said refractory sheet. 28. The refractory netal sheet according

to clai myky, ™TWaererRacsatryd mbeel dsedOrambAdion aor efirast oby mteréal . 29.
The refractory netal sheet_ according to claim15, wherein said sheet is

forned fCOMPAiFaler faPletpbitedef rioohd i Srdes PeshsishrAgLeE waBR yErikhum and

a mol ybdepupbagedi1abhgysa39- s&-amihog, for formng a turbine engine
conponent having an airfoil portion conprising the steps of: providing a

die in the shape of said turbine engine
27. The refractory metal sheet according to claim 15, further
comprising a notch cut into each of said end walls and another

notch cut into a central portion of said refractory sheet.

28. The refractory metal sheet according to claim 15, wherein

said sheet is formed from a refractory material.

29. The refractory metal sheet according to claim 15, wherein
said sheet is formed from a material selected from the group

consisting of molybdenum and a molybdenum based alloy.

30. A method for forming a turbine engine component having an

airfoil portion comprising the steps of:

providing a die in the shape of said turbine engine

component;

inserting a refractory metal sheet having a first end wall,
a second end wall, and two sidewalls connecting said end walls,
at least one first curved tab bent in a first direction and
spaced from said side walls and said end walls, and at least one
second tab bent in a second direction and spaced from said side

walls and said end walls into said die;
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conponent; inserting a refractory netal sheet having a first end wall, a
second end wall, and two sidewalls connecting said end walls, at |east one
‘first curved tab bent in a first direction and spaced fromsaid side walls
and said end walls, and at | east one second tab bent in a second direction
and spaced fromsaid side walls and said end walls into said die; 15
inserting at |east one core in said die to format |east one central core
elenent; flowing nolten nmetal into said die and allowing said nolten netal
to solidify so as to formsaid turbine engine conponent and so as to forma
cooling mcrogircuit in a wall of said turbine engine conponent, which

cool i ng mi cr otPPeEFIRhadt ateagtete Gveecddl sAGAf ALFdtP nfefman ¥adteast one

cooling Ghui denexht bot& -POL{Eemoving said refractory netal sheet and said
at |east one <core. 31. The nethod according to claim 30, wherein said

removing step conprises chemcally renoving said refractory netal sheet.

32. The netho rdj to cl.ai-m.3Q, wherei,n said refractory . netal sheet
i nserting stegl§§%%?i%éi??ﬁxﬁ%ﬁ%%ﬂlﬁbC%&Fédrg%?aé grﬁf{%%%%? %ﬁﬁég%o(}%Phat

said at heasl doescbodifyg §d uid texiflodiolsaids tukbinedenfitrd dmporgage poi nt
on a suction side of said airfoil portion. 33. The nethod according to

cl ai m 3027{h&Pef BAj HOTRIF A VAYT HECEIPCLRERE L] hBeft YRG! seeps&ldhpri ses

i nseréI i ngg@b&ﬁéré‘ﬁ}&%é/ comierstheain iRaVicag1 ahgl gRastooNEt i rgh d alx al ong said
second end.
least one cooling fluid inlet and at least one cooling fluid

exit hole; and

removing said refractory metal sheet and said at least one

core.

31. The method according to claim 30, wherein said removing step

comprises chemically removing said refractory metal sheet.

32. The method according to claim 30, wherein said refractory
metal sheet inserting step comprises positioning said refractory
metal sheet so that said at least one cooling fluid exit hole is
formed ahead of a gage point on a suction side of said airfoil

portion.

33. The method according to claim 30, wherein said refractory
metal sheet inserting step comprises inserting a refractory

metal sheet having at least one third tab along said second end.

34. The method according to claim 30, wherein said refractory
metal sheet inserting step comprises inserting a refractory
metal sheet having a plurality of holes so as to form internal

features in said cooling microcircuit.
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34. The nethod according to claim30, wherein said refractory netal sheet
inserting step conprises inserting a refractory netal sheet having a
“plurality of holes so as to forminternal features in said cooling
mcrocircuit. 16 35. The nethod according to claim 30, wherein said
refractory metal sheet inserting step conprises inserting a refractory
netal sheet having at |east one L-shaped aperture. 36. The nethod accordi ng
to claim30, wherein said refractory netal sheet inserting step conprises

insertingsa Tef mathy ad@tralingheet chayihngo A Whésdi ML Gir dakic@rsai d first
end and a second notch cut into said second end. 37. The method according
to clai nPeERL vithasdi idrsqrd i06r stepnserpr hgest Bpseontd ses9fie@taryg at | east

one cor enf o fregh §d10M, A HRLET 13k s$ebRE! £dsh 508 tdise group, of silica and
alum na. 17 ;
36. The method according to claim 30, wherein said refractory
metal sheet inserting sﬁep comprises inserting a refractory
metal sheet having a fiﬁst notch cut into said first end and a

second notch cut into said second end.
37. The method according to claim 30, wherein said core

inserting step comprises inserting at least one core formed from

a material selected from the group of silica and alumina.
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